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(57) Abstract 

Polymer-based pads useftil for polishing objects, particularly integrated circuits, having interconnected porosity which is uniform in 
all directions, and where the solid portion of the pad (9) consists of a uniform continuously intercoimected polymer material of greater 
than 50 % of the gross volume of the article, are produced directly to final shape and dimension by pressure sintering powder compacts 
of thermoplastic polymer at a temperature above the glass transition temperature but not exceeding the melting point of the polymer and 
at a pressure in excess of 100 psi in a mold having the desired final pad dimensions. In a preferred version, a mixture of two polymer 
powders is used, where one polymer has a lower melting point than the other. When pressure sintered at a temperature not t exceed the 
melting point of the lower melting powder, the increased stiffness afforded by incorporation of the higher melting polymer component gives 
tmpr ved mechanical strength t the sintered product. 
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POLISHING PADS AND METHODS FOR THEIR MANUFACTURE 

5 BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to an aiticie of manufacture which is extremely useful as a 
component used in the polishing of materials, particularly semiconductor crystals and 
integrated circuits based on silicon wafers. In polishing, the material to be polished (the 

10 workpiece) is attached to a flat cylindrical carrier and pressed against a rotating table 
upon v^idi is attached a polishing pad, generally a she^ of polymeric material. An 
aqueous suspension of fine particles (the slurry) is poured onto the polishing pad so as 
to wet the contacting surfiices. The slurry-lubricated friction between workpiece and 
pad results in the wearing away of surfece asperities on die woi1q>iece and the 

15 production of a snKXJth, featureless polished woriqpiece surfiice. 

For many polishing processes, particularly those operating at high rotational speeds or 
pressures, inadequate slurry flow across die padAworiqiiece boundary gives rise to non- 
uniform polishing rates, poor surface quality in the finished article, or deterioration of 
the polishing pad due to fhctional heating or plastic flow of the pad polymers. Non- 
20 uniform slurry transport is commonly cited as a primary cause of polishing rate 
variation, particularly in the polishing of integrated circuits, a process commonly 
termed piaruirization. In planarization polishing, the pad ideally contacts only the outer 
sur&ce asperities of the integrated circuit workpiece and wears them away, resulting in 
a finished wafer which has virtually no surface height variation across its surface, a 
25 state known as global planarity. Global planarity is required for ensuring adequate 
focus in subsequent photolithographic process stq>s in the fabrication of the fmal 
integrated circuit. 
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Pescriotion of Related Art 

In response^ many prior art polishing pads have been developed with inqiroved 
prc^fties. Most inprovmients for high speed high pressure polishing depend on 
improving die resistance of the pad structure to plastic flow effects (pad glazing), and 
5 ensuring that the pad is readily permeable to slurry. Most of the pads commonly 

employed for planarization applications exhibit pronounced pad glazing effects, which 
numifest themselves as a continuous reduction in rate over time. To alleviate this 
problem, a number of prior art refinements, typified by USP 5,2 1 6,843 have been 
disclosed whose purpose is to r^uvenate, or dress, the pad by abrading its sur&ce. 

10 This extra step adds to both the cost of the process and provides an additional source of 
variability. Thus an ideal planarization pad would be one which provides hi^ and 
stable rates without the use of a pad dressing process. For planarization applications it 
is also particularty desirable to have a pad which has sufficient liquid permeability to 
permit slurry to be delivered from the back sur&ce of the pad direaly to the 

15 padAvoTiq>iece inter&ce, as described in USP 5,232,875. Thus an ideal planarization 
pad would have high stiffiiess and hardness to ensure a hi^ degree of p re fere nt ial 
removal of surface asperities, yielding hi^ global planarity, would not require pad 
dressing, and possess as good uniform slurry permeability in all directions. No prior art 
polishing pad fully meets these criteria. 

20a An additional requirement for a polishing pad is that it have a precisely controlled 
surfiice Aape, This derives from the requirement that the pad uniformly and fully 
contact the workpiece sur&ce during polishing to efiect surface removal. If the pad 
surface is not highly flat and r^lar, or if there are ai^rectable variations in thickness, 
portions of the woriqpiece surface will not be in contact with the pad during the 

25 polishing process. This non-contacting area will experience a resulting lower rate of 
removal, giving rise to nonuniformities in the Aape of the resulting polished workpiece 
surfiice. This problem is greatly magnified as pad stifiEhess increases and 
compressibility decreases, as is the case for planarization polishing. Many processes 
for ensuring proper pad shape have been en^loyed in prior art, sudi as grinding, 

30 buffmg, or slicing processes. All of these processes greatly add to the complexity and 
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cost of manu&cturing polishing pads. Additionally, most of them do not yield sufficient 
surface shape accuracy for highly demanding applications such as planarization. For 
example, typical pad sur&cing processes for planarization pads such as Rodel ICIOOO 
produce a thickness variation of - ±0.003 in. h would be highly desirable to reduce tiiis 
5 to less than ±0.001 in. in order to improve the uniformity of the polidiing process. 
Currently this cannot be done without significant increases in manu&cturing cost 
resuhing from the introduction of additional processing steps. Thus, an ideal polishing 
pad would be one w4ierein its surface shape and dimensions could be fixed during its 
initial formation, widiout subsequent finishing steps, i.e. it could be produced to final 
10 net shape with a minimum of manufacturing steps. 

All known prior art polishing pads employed by those skilled iii the art may be divicted 
into three main classes; 

1 . Polymer-impregnated felts, 

2. Micropoious elastomer films (also known as Poromerics), and 
15 3 . cellular pol>imr foams. 

The first class of pads are typified by USP 4,728,552 and related art. They are 
generally produced by preparing a fiber*based folt matrix, which is then impregnated 
with polymer, generally pdyuredume. The urethane coats the fiber surfiu:es and bonds 
the fibers together into an interconnecled elastic conqxisite which has bulk porosity. 

20 The bulk porosity allows passage of fiesh slurry through the body of the pad and 

simultaneously serves as a means of passage of workpiece debris and other dross away 
fiom the workpiece surfiice. Such pads are conunonly manu&ctured by preparing a 
continuous roll or web of feh, impregnating the felt with polymer, curing the poiymer, 
and generating the final pad thickness and lateral dimensions by slicing, buffing, and 

25 cutting operations. The process of nunufacture is laborious, complex, and difficult to 
yiekl pads with hi^ly precise dimensions. It does not produce pads of net shapes 
directly. 
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The diree dimensional orientation of the bulk pad porosity is largely detennined by the 
three dimensional orientation of the constituent felt fibers. As disclosed in USP 
4,728,552 tfie fiber orientation in the feh, vidiile generally considered to be random, is 
not random in all three dimensions. Generally fiber orientation is largely parallel to the 
5 major plane of the fek web. This ohentation effect was deliberately exploited by the 
inventors to effect inrq^rovements in pad durability and polishing rate. 

As disclosed in USP 4 J28,552, the urethane phase of sudi pads is primarily 
responsible for the polishing activity. Thus, changes in the firaction of urethane making 
up the outer surfiioe of the pad vfill result in variations in polishing performance. The 

10 urethane fraction at the pad surface is strcxigly influenced by the nature and extent of 
bulk porosity exposed at the outer surfiice of the pad. The non-rancbm, non-isotropic 
nature of this porosity in inq>regnated felts therefore result in a hi^ ctegree of intrinsic 
performance variability in this cbss of poUshing pads. This variability is widely 
recognized in the semiconductor industry and is considered a significant impediment to 

15 further improvranents to semiconductor device fabrication. A serious inq>ediment to the 
employment of this class of pads in the planarization process is their generally high 
con^ressibiiity due to the necessary high void volume, usually greater than 50%. This 
hi^ compressibility gives poor global planarity, and such pads are seldom used in the 
planarization process. While cm^ressibiiity may be reduced by increasing the fraction 

20 of polymer used to infiltrate the felt substrate, the amount required to ensure adequate 
stiffiiess results in minimal slurry permeability, h is also extronely difficult to ensure 
uniform polymer permeation throughout the interior of the substrate at high loadings, 
resulting in increased property and performance variability. 

Pads of the second class, typified by USP 4,927,432 consist of porous urethane fibns 
25 coated on to a base material which is often an impr^ated fek pad of die first class. 
These porous urethane fibns are shown in cross-section to be omiposed of a series of 
vertically oriented closed end cylindrical pores (see Sur&oeTedi Review Vol. 1, no. 1). 
The high d^ree of porosity in these pads results in good slurry retention and transport 
during use. However, it also leads to a high degree of compressibility, making such 
30 pads unsuited for flat finishing, high pressure, r planarization applications. In 
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additim, the closed end diaracteristics of the vertically oriented pores prevent liquid 
transport through the complete pad thickness, i.e., slurry carmot be fed from the back of 
the pad to the pad/workpiece inter&ce. 

Pads of the third class are typified by filled cast urediane materials sud) as those sold 
5 by Rodel under the trade designations IC40, IC60, and ICIOOO and blown foam 

materials, such as Rodel MH. These materials have bulk porosity which is randomly 
and uniformly distributed in all three dimensions. All known examples of such 
materials used contmercially for poKshing are closed cell foams, i.e., die volume 
porosity is discontinuous, with a soUd barrier of polymer material between each void 

10 cell in the pad. Thus bulk slurry transport does not occur , and slurry transport 
diaracteristics of these materials are very poor. Often such pads are artificially 
textured with grooves or perforations to improve lateral slurry transport during 
polishing, hi addition, sudi pads are very prone to pad glazing during polishing; 
practical use of such pads for planarizatim requires a regular surface abrasion, termed 

15 pad dressing, to regenerate surface texture. Without pad dressing, polishing rates of 
such pads are variable and imdesirably low. While pads of this class are those most 
commonly employed in planarizaticm polishing, the above cited deficiencies r^resent 
significant barriers to their more con^lete usage. 

While open-cell reticulated urethane foams can be produced , as typified by products 
20 produced by E. N. Murray Co. under the Foamex trade name, these materials tmd to be 
highly conq^resstble, with low shear strength due to their extremely hi^ void volume 
fraction, typically above 70%, making them unsuiuble for possible use as polishing 
pads in hi^ speed, high pressure, or planarization applications. ^ 

Other methods of producing porous polymer materials have been disclosed for purposes 
25 other than the production of polishing pads. 

USP 3,763,054 discloses a means of producing microporous polyun^hane sheeting by 
mett sintering sheets of loosely bonded particles prepared by drying films of aqueous 
particle di^rsions. The articles prepared were made via free-sintering, i.e. pressure 
was not applied to assist in the particle sintering process, and film dimensicxis were not 
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well ccmtrolled, the shape of the outer layer of said sintered films was not determined by 
contact to a mold or master surface. 

USP 3,917,761 discloses a process of prq^aring porous sintered polyimide articles 
usefiil as oil filled bearings. The process disclosed is a variant of the lost wax process. 
5 A mixture of polyimide powder and polyfbrmaldehyde powder were intimately mixed 
and pressed to a conq>act or green body at low temperatures (preferably 2SC) and high 
pressure (> 1 0,000 psi). This green body was then fi^ee-simered at a tmq>erature well 
above the melting point of the lower melting polyfbrmaldehyde phase. This caused 
thermal deconfq}osition of the polyformalddiyde to fbrmalddtyde vapor while the 
10 polyimide phase simultaneously melt sintered. The resultant structure was a 

microporous sintered polyimide article. A major disadvantage of sud) a process is the 
evolution of formaldehyde gas, whidi is now recognized as a carcinogen. 

USP 4,256,845 discloses a method for manu&cturing a porous therm<^lastic sheet by 
gelling an aqueous latex dispersion ccRitaining an additional material of a preselected 
15 particle size and forming the dispersion into a sheet. This sheet is th« free-sintered at a 
temperature at or above the melt point of the thermoplastic to form the finai product 
from wfaidi the additional material is extracted. 

USP 4,880,843 discloses a similar process for prqiaring a porous molded composite 
article of ultra hi^ molecular weight polyediylene combined with a polyethylene wax. 
20 The mixture of powders is put into a press mold of final dimensions using a low 
pressure sufficient only to prevent d^rmatim. The mold and powder is then melt 
sintered at a temperature in excess of the melting point of the polymer 

In hgjit of the above informaticxi, the most desirable polishing pad for high temperature, 
hig^ pressure, or planarization polishing a]:^licatians would be one which has a hi^ 
25 volume of polymer material to ensure low con:q)ressibility, hi^ stiffiiess, and resistance 
to shear forces, a hi^ and uniform degree of permeability to slurry in all directions and 
has minimal pad glazing so that pad dressing is not required. It would also be 
particularly desirable for such pads to be produced by a process which yielded a pad of 
final shape and dimensions, thus reducing the number f manu&cturing steps and 
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improving the dimensional precisicx) of the pad, with corresp<Hiding improvements in 
cost of manufacture and polishing quality. 

Accordingly, it is the object of the present invention to provide a process for 
manu&cturing polymer-based pads useful for polishing objects, particularly integrated 
5 circuits, which have interconnected porosity whidi is uniform in all directions so as to 
provide free and unimpeded transport of slurry through the body of the pad. 

It is also the object of the preset invOTtion to provide a process which produces pads 
having said bulk porosity in a form which produces hi^ and sustained polishing rates 
without pad dressing, said dressing step being rendered optional. 

10 It is a further object of the invention to provide a process ^ich produces said pads 
directly to final diape and dimaiision directly from componoit polymer starting 
materials with resorting to subsequent shaping operations sudi as cutting, grinding, or 
shaping. 

SUMMARY OF THE INVENTION 

15 A process is provided which produces polymer-based pads having interconnected 
porosity whidi is uniform in all directions, and where Ae solid portion of said pad 
consists of a uniform continuously interconnected polymer material of greater than 
S0% of the gross volume of the article which are produced directly to final shape and 
dimension by pressure sintering powder compacts of thermoplastic polymer at a 

20 temperature above tibe glass transition temperature but not exceeding tiie melting point 
of the polymer and at a pressure in excess of 1 00 psi in a mold having the desired final 
pad dimensions. In a preferred version, a niixture of two polymer powders is used, 
where one polymer has a lower melting point than the other. When pressure sintered at 
a tenqierature not to exceed the melting point of Ae lower melting powder, the increased 

25 stiffiiess afforded by incorporation of the higher mehing polymer component gives 
improved mechanical strength to the sintered product. In another embodiment of the 
invention layers of thermoplastic polymer powders w mixtures of thennoplastic 
polymer powders, each layer f powders having different mechanical properties, are 
compacted into a mold and sintered at a temperature above the glass transition 



8NS0OCID:<WO 9615e87A1> 



wo 96/15887 



PCT/US95/15009 



8 



temperature of the lowest melting polymer in eadi of the layers but not to exceed the 
melting point of the lowest melting polymer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a twoKlimensional schematic drawing of packed spherical particles. 

5 Figure 2 is a cross-section drawing of a mold in an open positicm of a type which mi^t 
be used to form a pad by the process of the present invention. 

Figure 3 is a cross-secticm drawing of the mold of Figure 2 in the closed positiai. 

Figure 4 is a graph of workpiece sur&ce removal rate versus time in use for a pohshing 
pad of the prior art. 

10 Figure 5 is a graph of woriq>iece suriace removal rate versus time in use for a polishing 
pad of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One of fte key features of the present invention is the use of hi^ pressure sintering of 
polymer powder starting materials in a precisely shaped mold at a temperature 

1 5 substantially below the melting point of the polymer. While a wide variety of sintering 
processes have bem described in the technical literature they are most commonly 
employed as a means of producing a final theoretically doise product and not a porous 
body Moreover, as indicated fhmi the prior art cited above, aU known prcK»sses 
r producing porous thermopbstic polymer articles utilize sintering tenq^eratures well 

20 above the melting point of the polymer with either no pressure or minimal pressure. 
Processes occurring in this r^ime are commonly termed viscous sintering prxicesses 
and proceed qxjntaneously and rapidly to form void-free fiilly densified final products 
without the imposition of external forces. Such processes are widely en9>loyed to 
produce densified bodies of many different materials including polymers, glasses, 
25 ceramics and metals. 

Thermoplastic polymers are viscoelastic materials and their trarq^rature/viscosity 
behavior can be conq>lex. Polymer behavior over a wide tenq^etature range can be 
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classified into three basic regions. At low temperatures, polymers bdiave as glassy, 
bnUle solids, exhibiting predominantly elastic behavior. The u|^r temperature 
boundary for this regicm is termed the glass transition temperature, Tg. Above Tg but 
below the melting point of the polymer, viscous characteristics become more significant 

5 and polymers exhibit both viscous and elastic efiEects. In this region, the polymer is 
capable of considerable deformation when stress is applied. However, when the stress 
is removed, complete recovery may not occur due to permanent movemmt and 
rearrangement of the molecular structure of the polymer. Above the melting point, the 
polymer bdiaves predcxninantly as a viscous liquid, exhibiting permanent deformation 

10 when stress is applied. 

The processes of the present invention are specifically conducted below the melting 
point of the themioplastic polymer employed. This differs from the prior art processes 
cited above, v^diich q>ecifically teach the use of sintering polymers above their melting 
point in the viscous liquid r^ime. Reasons for employing liquid regime sintering are; 

15 first, the rate of sintering is expected to increase directly with increasing te mperatu re, 
scaling inversely widi the liquid viscosity. Thus liquid regime sintering is relatively 
rapid, making it econcmiically attractive. Seccxid, liquid regime sintering proceeds 
sp<Hitaneously to full final density without the impositicsi of external forces, making it 
ideal for low cost production processes. However there are significant disadvantages as 

20 well. The first disadvantage is that the r^idity of liquid sintering for most 

thermoplastic polymers makes the process difficult to ccxitrol if a precisely regulated 
and uniform pore structure is desired, h is particularly difiBcult to enq>loy viscous 
sintering above the melting point of the polymer to produce thick porous, articles as the 
thermal gradients v/hidtk necessarily occur during heating lead to strong in-depth 

25 variations in sintering rate and, therefore* in the porosity of die final article. A second 
disadvantage is that unless some sort of mold or support is employed, substantial 
deformation of die sintered product will occur due to viscous flow. This is a significant 
impediment to producing precisely toleranced devices such as polishing pads. An 
additional problem is the adhesion of die molten polymer to the mold evaplcyed^ leading 

30 to frequent down-time for mold cleaning, product damage, and shortened mold lifetime. 
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A final problem is that many thermc^lastic materials exhibit oxidative and thermal 
deconposition when heated above dieir melting points. This leads to property 
degradation and or property non-unifbrmities. 

The present invention avoids the above difficulties by conducting sintering wtdiin a 
5 temperature interval between the glass transition temperature and the melting point of 
the lowest melting polymer conqxxient utilized. Because the spontaneous rate of 
sintering is relatively low in this tenq^erature range, hi^ pressures are employed to 
increase it in a amtroUable fashim. As applied pressure is transmitted throughout the 
article to be compacted, the particle sintering rate is essentially uniform throughout the 

10 bulk of the material. This largely eliminates porosity gradients in products, making 
production of relatively thick articles possible. By employmg a mold of form of 
precisely pre-<tetermined dimensions as the means of inq>osing pressure, individual 
constitueit polymer particles are sintered in a precisely defined shape which 
corre^Knds to tfie mold dimensions. This eliminates final shaping steps in manufacture 

15 and prevents any deformation of articles during the sintering process. In additicHi, the 
lower temperature range employed largely prevents product deformaticxi and mold 
adhesion during sintering. Finally, the lower temperatures employed eliminate or 
minunize thermal deconqK>sition effects. Oxidative deconqx>sition may be easily 
prevented by introducing inert gases into the ipold prior to and during sintering. 

20 Starting materials used for products of the present invention are restricted to 

thennoplastic polymer powders. This restrictim is imposed for several reasons. First, 
simple solid starting materials may be miployed whidi are readily converted to powder 
form. Tliis simplifies the production process. Second, because of their well defmed 
• thermal characteristics tiiere is sufficient thermal stability at temperatures approaching 

25 the meh point, allowing uniform articles to be rqiroducibly manufactured. Third, there 
are many types of commercially available thermoplastic pdymers widi a 
correqxmdingly wide range of hardnesses, elastic moduli, chemical durability, and 
abrasion resistance. Thus, a wide variety of products for different applications may be 
produced using the same manufacturing equipment simply by changing the process 

30 temperatures and pressures. Examples of thermoplastic polymers whidi might be used 
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in the process of the inventicHi are polyurethanes, polyamides, polycarbonates, 
polyacrylates (including mcthacrylates and acrylates), polysulfones, polyesters and 
poiyolefins. 

The restricticHi Aat Ac starting materials be in powder form is made in order to create a 
5 continuous bulk porosity. In the process of the presait invention, a premeasured 
quantity of powdered thermoplastic polymer is poured into a mold and tapped or 
vibrated to settle the panicles. This yields a volume of particles in tangent contact with 
each other throughout the powder volume. A two-dimensional schematic drawing of 
this packed state is illustrated in Figure 1 . hi the illustration particles 1 are in 
10 tangential oxitact 2. The tnterparticle void 3 is clearly evident. 

In the simplest case, which is hexagonal close packing of monodisperse spherical 
powder particles, a very higji theoretical powder density may be produced. However, 
commercially available powders have nwasurable size variaticHi and are generally not 
spherical. These differences will lead to a change in the solids daisity of the powdered 

1 5 compact prior to sintering relative to the simplest theor^cal case. 

While any size particle may be employed to produce a pre-sintered compact, the process 
of the present invention typically uses particle diameters whidi are small relative to the 
final sintered part dimensions. In particular, a powders diameter range of 20- 1 00 
microns is preferred. This diameter range is selected to enable complex molds having 

20 fine surfece detail to be easily and completely filled, and in order to produce a 
macroscopically smoodi final pad surfece ftee from large gaps or crevices. This 
improves die mechanical durability of sintered products and leads to inq>roved polished 
surfiice quality when articles are miployed as polishing pads. 

While any size particle may be employed to produce a pre-sintered compact the process 
25 of the present invention typically uses particle diameters whidi are smaU relative to the 
final sintered part dimensions, hi particular, a powder diameter range of 20-100 
microns is preferred. This diameter range is selected to enable complex molds having 
fine surfece detail to be easily and completely filled, and in order to produce a 
macroscopically smooth final pad surface free from large gaps or crevices. This 
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improves the mechanical durability of sintered produas and leads to unproved polished 
sur&ce quality when articles are enq}ioyed as polishing pads. 

As sintering proceeds, plastic flow at the particle boundaries 2 leads to particle 
coalescence and a corresponding shrinkage of the inteiparticle void volume. In the 
present invention the time and tempenture used for sintering at a given applied pressure 
are specifically cattrolled so as to retain a fully interconnected void volume, i.e. 
sintering is not allowed to proceed to completion. Proper settings to achieve a desired 
sintering density are readily and easily determined by the user from trial sinterings 
within the pressure and toiqierature limits set forth herein. Pressure in excess of 1 00 
psi are commonly employed. Lower pressures are largely ineffective, particularly at 
lower temperatures. 

The molds enployed to produce products of the presort invention may be of any size, 
shape and pattern desired. Critical features of the molds employed are the dimensional 
accuracy of the internal surfece and the temperature resistance and rigidity of the 
materials employed A preferred mold design for controlling final pressure and sintered 
product thickness, illustratied in Figure 2, en^loys a movable top plate 4 and a rigid 
bottom plate 5 which has a recessed ledge or press stop 6. In practice, a premeasured 
quantity of themic^lastic polymer powder is introduced into the bottom mold cavity 5 
and tapped or shaken to create a densified powder c(mq>act 7. TTie top plate 4 is then 
placed on top of the moW, inserted into a constam temperature oven and heated totiie 
desired sintering ten^rature under pressure, said pressure being appUed to the top 
cover 4 by a piston 8 shown in Figure 3. As sintering progresses the powder compaa 
volume decreases'until the top mold cover rests pn the polishing stop 6. Pressure is 
retained for the desired length of time, the mold is cooled, and the final part 9 of 
precisely determined diickness 1 0 is removed 

Ahhough a wide variety of thermoplastic materials are commercially available and 
usable as starting materials in the present invention, the range of utility may be 
considerably enhanced by employing mixtures of two differert thermoplastic powders. 
By intimately mixing two materials, composite structures may be produced which have 
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mechanical prc^rties which may be diflerait than either material individually, and 
dissimilar material mixtures may be produced from materials which cannot be 
synthesized directly due to material compatibilities. Of paiticular utility is the use of a 
mixture wherein one of the conqxHioits has a lower melting point than the other. When 
5 such a mixture is processed by the present invention at a temperature not to exceed the 
melting point of the lower melting component, sintering may be effected with 
significantly less chance of distortion, and is thus preferred. 

The distinctive features and advantages of the present invention can be further 
understood by studying the following exanqiles, which are not meant to be restrictive in 
10 any way. Throu^ the study of these examples and the above description, other uses 
and ai^lications will become apparent to those skilled in the art. 

Example 1 

Samples of several different thermoplastic poljmiers including polyurethanes (Texin 
480A, Texin 4SSD, Texin 470D and Texin 970D manu&ctured by Miles Inc., 
15 Pittsburgh, PA» and Iscplast 302 manu&ctured by Dow Chmucal Co., Midland, MI) ) 
as well as Nylon 66 were cryogenically milled into powder. The mean particle diameter 
of the powder was 50 microns. Melting temperatures of the powders were measured 
using a Fisher-Jdms melting point sqyparatus. Melting point data is given in Table 1 . 

20 Table 1. Melting points of polymer powders 



Matmal 


Melting point CC) 


Texin 470D 


230 


Texin 970D 


210 


Isoplast 302 


200 


Texin 455D 


230 


Texin 480A 


225 


nylon 66 


260 



BNSOOCIO: <WO 9615887A1> 



^^'^^^W" PCT/US95/15009 



Sintering tests were ccmducted on each of these materials at various temperatures using 
a 12 in. diameter press mold of design shown in Figure 2. The stop depth selected was 
0.062 in. for a total mold depth of 0. 125 in., allowing 2: 1 conq>action. Dimensional 
tolerancing of the mold cavity was ±0 00 1 in. Samples were pressed by first filling the 
5 mold cavity with powder in a uniform fashion, gently vibrating the powder, and 
scraping oflf excess powder in the mold to ensure that the entire volume of the mold 
cavity was uniformly filled with starting material. The top portion of the mold was then 
placed onto the powder fill and the entire mold assembly placed in a heated press at 
room temperature and 150 psi pressure applied to the top portion of the mold. The 
10 entire assembly was then heated to the desired temperature and held for 20 minutes to 
effect sintering. At this point pressure was released and the mold removed and allowed 
to cool to room temperature before removing products for examination. 

In all cases, powder pressed at room temperature ^owed essentially no sintering. 

Samples pressed at temperatures above the melting point showed nearly conq>lete 
1 5 sintering to a dense non-porous solid. A significant degree of adhesion to the mold was 

also observed. In contrast, for all materials tested, a temperature range of 1 75-200 C 

3^elded a strong resilient sintered product which did not exhibit ddhesi<»i to the mold. 

Examination of products sintered in this region showed a high degree of internal 

porosity and good interparticle sintering. All products sintered in this temperature 
20 range showed good air and water permeability. Sintered pad thickness in all cases was 

0.062 in, exactly corresponding to the mold stop depth. Dimensi<Hial variation was 

±0.001 in, again precisely corresp<Hiding to the mold surface dimensicms and thickness. 

Surfece quality of the products showed them to be extremely smooth and uniform; 

comparable to commercial polishing pads. 

25 Example 2 

Several mixtures of plastic powders were processed using the procedure outlined in 
Exan^lel. A sintering temperature of 200C was employed. Mixtures tested are listed 
in Table 2 below. 
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Table 2. Powder mixtures used in sintering tests 



Componeot 1 


Component2 


Component 3 


Texin 470D 50% 


Isoplast 302 50% 




Texin 470D 20% 


Isoplast 302 80% 




Texin 470D 80% 


nylon 66 20% 




Texin 470D 50% 


Texin 970D 50% 




Texin 470D 33.33% 


Isoplast 302 33.33% 


nylon 66 33.33% 



All sintered products showed good flexibility, strwigth, dimCTsional precision and 
porosity, fully equivalent to the best single material samples of Example 1 

5 Example 3 

Another tap mold plate was prqpared which had a series of concentric projecting rings 
on its inner surface. Ring spacing was 0.030 in, with a projecting depth of 0.01 5 in and 
a projection width of 0.013 in. This top plate was substituted for the original top plate 
and used to sinter samples of 970D powder using qTtimal conditions identified in 
10 Example 1 . The resulting product had a tc^ surfece which had a pattern of concentric 
circular grooves of a precise mirror image of the projecting concentric circular grooves 
of the mold surface. Dimensions and dimensicMial precision were found to be equivalait 
to the mold, as in the other examples. All portions of the product, including the r^ons 
between grooves on the top surfece were of uniform porosity. 

15 Example 4 

A sintered product pad made from 470D polymer using the procedures outlined in 
Example 1 was tested for planarization polishing activity and results compared to a 
commercially avaUable polishing pad, ICIOOO (Rodel, Inc.), vrfiich is currently widely 
employed as a planarizaticHi pad. Experimental conditims used are given in Table 3 
20 below. 
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Table 3 



Panunecer 


Setting 


polisher 


Strasbau^ 6CA 


table speed 


100 ipm 


spindle speed 


60 rpm 


load 


7psi 


slurrv used 


ILD1300 silica slurry 


slurry flow rate 


100 ml/min 


polish time 


2 minutes 


pad ccxiditioning 


no 


1 wafer type 


4 in. diameter thermal oxide on Si 



The ICIOOO pad showed an initially high polishing rate of 1300 A/min. which decayed 
steadily to a lower rate of 550 A /min by Ae twentieth wafer processed. This is 
graphically illustrated in Figure 4. In cmtrast, the polishing pad of the present 
invention showed considerably improved rate and rate stability. The initial polishing 
rate observed was again 1300 A/min. This decreased to a constant rate of 950 A /min 
by the twelfth wafer This is graphically illustrated in Figure 5. Thus the pad of Ae 
present invention exhibited both significantly increased rate stability and increased rate. 
Examples 

A sintered product pad made from 455D polymer using the procedures outlined in 
Example 1 was tested for Silicon polishing activity. Experimental conditims are 
summarized in Table 4 below. 
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Table 4 







polisher 


Strasbau^ 6CA 


table speed 


100 rpm 


spindle speed 


60 rpm 


load 


7psi 


- slurry used 


Nalco 23S0 


slurry flow rate 


100 ml/min 


polish time 


20 minutes 


wafer type 


4 in. diameter [1 10] Si 



A series of 25 wafer were polished. PoUshing rate was initially 0.4 microns/min, and 
rapidly increased to a constant value of 0.8 microns/min. The policing rate obtained 
5 was comparable to that obtained using conventional Si polishing pads sudi as Suba FV 
(RodeU Inc.). However, wafer flatness and sur&ce quality as observed by Nomarski 
microscopy were markedly superior to results obtained witti conventional pads. 

Sintered compacts of thermoplastic poiyurethanes were also fabricated from aqueous 
slurries of thermoplastic polyurediane powders. In some cases, small amount of either 
10 or both isopropanol or water soluble polymers sudi as poly(vinyl alo^ol) can be added 
to inprove rheology and the strength of the contact prior to sintering. 

Example 6 

Powdered Texin 470D (1 OOg) was mixed with deionized water (1 44g) to give a paste. 
This was poured into a circular mold and dried at lOOC for 6 hours. After drying the 
15 sample was pressed in the closed mold at 150 psi and sintered at 180C for 25 min to 
give a pad having a density of 0.8 g/cin3 and 35% porosity. 
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Example 7 

Powdered 470D was mixed with a poIy(vinyl alc(riioI)/water/isopropanol solution to 
form a paste which was poured into a circular mold as shown in Figure 2. After drying 
at lOOC for 6 hours, the compact was cohesive. The compact was then pressed in the 
5 mold at I SO psi and sintered at 1 8SC for 25 minutes to give a sintered pad containing 1 
wt% poly(vinyl alcohol). The pad appeared to have uniform packing dmsity. Density 
and porosity were 0.9 g/cm3 and 27% respectively. 
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1 . A method for producing a pad useful for polishing comprising (a) compacting a 
thermoplastic polymer powder into a mold having the desired final pad dimensions at a 

5 pressure in excess of 1 00 psi and (b) sintering said powder at a temperature above the 
glass transition tenqperature of said polymer but not to exceed the meking point of said 
polymer. 

2. A method for producing a pad useful for polishing according to claim 1 wherein said 
10 polymer powder is a mixture of thermoplastic polymer powders and said sintering is 

carried out at a temperature above the glass transitim temperature of the lowest mehing 
polymer but not to exceed the melting point of said lowest melting polymer. 

3. A method for producing a pad useful for polishing comprising (a) compacting layers 
15 of thermoplastic polymer powders or mixtures of thermoplastic polymer powders, each 

of said layers of powders having different mechanical prcpeities, into a mold having the 
desired final pad dimensions at a pressure in excess of 100 psi and (b) sintering said 
layers of powders at a temperature above the glass tiansiticm temperature of the lowest 
melting polymer in each of said layers but not to exceed the melting point of the lowest 
20 melting polymer. 

4. A method for producing a pad useful for polishing according to claim 1 , 2 or 3 
wherein said mold is provided with a reverse shape form sucii that macroscopic texture 
of dimensicms greater than 1 mm, such as perforations, grooves or edge shaping, is 

25 produced on a surface of said pad. 

5. A method for producing a pad usefol for polishing according to claim 1, 2 or 3 
wherein said mold is provided with a reverse ^ape form sudi that microscopic texture 
of dimensions b^em 0 01 mm and 1 mm, such as stippling, microchannels or sur&ce 

30 pits, is produced m a surface of said pad. 
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6. A method for producing a pad useful for polishing according to claim 1, 2 or 3 
v^erein said thermoplastic polymer powder or powders employed have a mean particle 
diameter of between 20 and 100 microns. 

5 7. A method for producing a pad useful for polishing according to claim 1 wherein said 
thermoplastic polymer is a polyurethane. 

8. A method for producing a pad useful for polishing according to claim 1 wherein said 
thermoplastic polymer is a polyamide. 

10 

9 A pad useful for polishing having interconnected porosity which is uniform in all 
directims, and herein the solid portion of said pad consists of a unifonn continuously 
interconnected polymer of greater than 50% of the gross volume of said pad, said pad 
being produced directly to final shape and dimension by sintering powder conqjacts of 
1 5 thermoplastic polymer at a tmiperature above the glass transition temperature of said 
polymer but net to exceed the melting point of said polymer and at a pressure in excess 
of 100 psi in a mold having the desired final pad dimensions. 

1 0. A pad according to chiim 9 wherein a mixture of two or more diermoplastic 
20 polymer powders is used, each having a differait meking point, and wherein said 

sintering is carried out at a temperature above the glass transition ten^>erature of the 
lowest mehing polymer but not to exceed the melting point of said lowest melting 
polymer. 
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11 A pad according to claim 9 wherein more than one thermoplastic polymer powder 
or mixture of thermoplastic polymer powders, each having different mechanical 
properties, is deposited in said mold in layers aligned substantially parallel to the large 
axis of the volume of said pad so as to produce a pad having multiple layers with 
5 different mechanical properties and vrfierein said sintering is carried out at a 

temperature above the glass transition tenr^erature of the lowest melting polymer in 
each layer but not to exceed the melting point of the lowest melting polymer. 

12. A pad according to claim 9, 10 or 1 1 wherein macroscopic texture of dimensions 
10 greater than 1 mm, such as perforations, grooves or edge shaping, is produced by 

providing a reverse shape fonm in said mold used to effect said sintering. 

13. A pad according to claim 9, 10 or 1 1 wherein microscopic texture of dimensions 
between 0.01 mm and 1 mm, such as stippling, microchannels or surface pits, is 

15 produced by providing a reverse shape form in said mold used to effect said sintering. 

14. A pad according to claim 9, 10 or 1 1 wherein said thermoplastic polymer powder 
or powders employed have a mean particle diameter of bttween 20 and 100 microns. 

20 1 5 . A pad according to claim 9 wherein said thermc^lastic polymer is a polyurediane. 

1 6. A pad according to claim 9 vs^erein said thermc5>lastic polymer is a polyamicte. 

25 



30 
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Figure 1 




BNSOOCID: <WO 9615e87A1> 




BNSOOCID:<WO 9615887A1> 



W0 96/1S8S7 



PCT/US95/15009 




)NS0OaD:<WO 9«15887A1> 



INTERNATIONAL SEARCH REPORT 



Inumationai application No. 
PCT/US95/15009 



A. CLASSinCATION OF SUBJECT MATTER 
IPC(6) :B27N 3/08; B32B 05/16 

US CL :Pleaje See Extra Sheet. 
According to IntcnuUional Patent Cia«« ification (IPC) or to both national claaaification and IPC 

B. HELPS SEARCHED 

Mmimuni docun;entalton searched (classification system followed by classification symbols) 
U.S. : 264/109. 117. 119, 122; 51/298 



Documentation searched other than minimum documentation to the extent that such documenu are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category^ 


Citation of document, with indication, where appropriate, of the rclevani passages 


Relevant to claim No. 


X 
Y 

Y 


US, A, 4,708,839 (BELLET ET AL) 24 NOVEMBER 1987, 
cot. 4, line 65 - col. 5, line 1; col. 5, lines 43-50 and lines 
55-59. 

US, A, 5,019,311 (KOSLOW) 28 MAY 1991, col. 2, line 18 
- col. 3, line 27; col. 4, lines 55-60; col. 5, lines 4-13; col. 6, 
line 33; col. 7, line 65; col. 8, lines 53-57; col. 8, line 62 - 
col. 9, line 5; col. 12, lines 35-53; col. 13, lines 4-8; col. 39, 
lines 38-44. 

US, A, 4,664,683 (DEGEN ET AL) 12 MAY 1987, abstract; 
col. 3, lines 29-40; col. 5, line 23; col. 5, line 66 - col. 6, 
line 4; col. 8, line 25 - col. 9, line 20. 


1. 9 

1-3, 6-8, 9-11, 
14-16 

1-3, 6-8, 9-11, 
14-16 


f x| Further documents are listed in the continuation of Box C. [ ] See patent family annex. 


* Sp«ciftl oMcfons of cited documcB»: laur tfooiaiesu pufoi»facd WUr ibe aueroftik^ 

- .J ^ • ^ *^ .... dMg «od oot in cottflictwitfa U>c f»piic«6oc but cited to mmUj aland the 

<l02««derinmaihe»«e«li^ (»riftciple or dicofy underlyini ibe inveaikm 
lo Ce of pwticuter relevance 

•L* dniTiii m which amy fhnm donb^ <m priority clnanre) or whicfc m wheo ibe docummt ■ inhm alooc 
ciied la cettMiih Ae piihtireiioa date of mdier chelkm or other 

•pocW foooa (as ipecificd) > dtmrnnnt of p«fticular rclevaaee: (be '^^■r^ Bvcataoo caanot be 

ooae«dcred to nvcWc aa iavcniive «ie|» when ibe dofiiimrt • 

O ooBtHBml ffcfcrriag lo ao onJ djackntfv. uae. exbibibao or other nniniiiiiirt wiih ooe or more other ancfa ■■■ aucb rwiilibMlinii 

wmm beiag obvioai to a peteao akilled ia the art 

(i^><=umcitt publklMd prior lo the iDicnwiioaairdinit date but •A* a..^— i^ —^k^^ tw> .^.^ notmi fainilv 
the prk»nty date cleaned ' ' 


Date of the actual completion of the international search 
15 FEBRUARY 1996 


Date of mailing of the international search report 

29 FEB 1996 


Name and maUing address of the ISA/US 
ConuniMioner of Phienu and Trsdemsrics 
BoxFCr 

Waihingloo, D.C. 20231 
Facsimile No. f703) 305-3230 


Authorized office^ ^ *; ' • — ^ 

ROBERT A. DA^ON C^-ri-^ 
Telephone No. r703) 305^29 



Form PCT/ISA/210 (second $heet)(iuly 1992)* 

BNSOOCID: <WO 9615887A1> 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/US95/15009 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Categof7* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


US, A, 5,216,843 (BREIVOGEL ET AL.) 08 JUNE 1993. col. 5, 
lines 10-13. 


4. 5 



Form PCT/lSA/210 (continuation of second sheet)(July 1992)* 



tNSOOCID: •cWO 9615e87A1> 



INTERNATIONAL SEARCH REPORT 



Intemaiional application No. 
PCT/US95/15009 



A. CLASSIFICATION OF SUBJECT MATTER: 
US CL : 



264/109, 117, 119, 122: 51/298 



Fomi PCT/ISA/210 (extra shcel)(July 1992)* 

BNS0OCID:<WO 96l5e87A1> 



